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(57) Abstract: Fluorescent probes 

represented by the general formula (I) wherein 
R l and R 2 are each hydrogen or a substituent 
for capturing a proton, a metal ion, or an active 
oxygen species; R 3 is a monovalent substituent 
except hydrogen, carboxyl, and sulfo; R 4 and 
R 5 are each hydrogen, halogeno, or alkyl; 
(I) R 6 to R 9 are each alkyl; R 10 and R 11 are each 

hydrogen, halogeno, or alkyl; M* is a counter 
ion; and before the capture of a proton, a 
metal ion, or an active oxygen species, the 
combination of R 1 , R 2 , and R 3 gives the 
benzene ring to which they are bonded such a 
substantially high electron density as to make 
the compound substantially nonfluorescent, 
while after the capture of a proton, a metal ion, or an active oxygen species, the combination brings about such a substantial lowering 
in the electron density of the benzene ring to which they are bonded as to make the compound substantially highly fluorescent. 
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(57) Kt&: 

Tz^yvym\mmmzm^m?%8tz*z., t^wtm^vhy. &m^*y. x\m& 


R 1 R 2 



R 4 (I) 


WO 2005/085811 1 PCT/JP2005/003569 

. m m # 

mam 

[0001] *»Wtt^3fc^»-^K:BB*f«o iOAfrttfct*. 7*nh^ &JR>tt-^ Xttffitt 
[0002] n-^Vtt7/^V^^I^^tt*<d^^fetl^^3tefe^TfcS.ii5#tt^ 

h<9, m^.\f^;V^J^1k%^-'fXhmno-Z (R.Y.Tsien,et 
al.J.Biol.Chem.,264,8171,1989) , "J-MJpASbfc/ia— :/-Cfr5sqdium green (3fcB 
#ff^5,405,975-^«) , NO^3fe^n-^T?*>SDARg(«p»|5pi0-226688#^« 
h ^^^7 e n-^-Cfe5HPFS.^APF(@^MW0 01/064664^4^8) ft 

[0003] ^t^-i^^ttjsfettv jwjfi^^txv ^mxom^-^mtir^mxh^ 

1*550/570 nmt+^(-^^^8IUTV>5^, M^S^i^WtfUK^ 


WO 2005/085811 2 PCT/JP2005/003569 

[0004] ^fit.^Kh^-^y^mw^^zf^^hm^(omm^m^tix^ 

-y^y^m^irmft^K-ymmwtfx^mmb^x^Zo 
[ooo5] *%w%b\ts mz, y^v^ym<o^%^^Lm^^n%m^%^W] 
K£W0nmxhz>z.k%m&u ^(D^^m^xy^-tv^ym^jtyn- 
7*<DWsmft?^ymzmmLx$tz 0 tft, y^u^^ymo^-w^o^m^. 

^y^m^i-^lk^y'n-y'om^m^m^m^ir^t^^htzi 
pcT/jP03/08585-^*ffl#)o ££>ki, y /virv^ym^^x \ tfc&W^v^ 

^m^t<>x^mxh^t^^tix^tc^/^^y/vmix mom&mxhttm 
-^mxh^t^^^tcu -^ics^v ^$tu ^yMv±^smmVf*w.&<& 

^i-§^^m^Lfc(PCT/JP03/08585-^§|^l#) o Wz&bK, Z.Xlb<D%\mt¥ 

mm*i&mLtcik<mL\,>y°v-y*Bt\-mzMmu c^^m^^-yom 

^^t>^^Lfc(PCT/JPO3/O8585^0Ji9#, #iS2003-314041-5§-^£ffl#) o Lj&>U£ 

[0006] #^<»j?ite N p-^^y# ^^offm^m^^n-^^^i-sr^fcfc?, 

[0007] ^mm^b\ty;v^u±y(y\z^xm^tc±m<Dm^n^m^-^y'W 
mm%u mw£v-y^y : MZffl%irz>z.tKf&zhLtc 0 z.<Dv-y*ymwm* 
&ftov-y$ymtm&fo^ikftfezfitz--ijx\ m$>xi&m&<&ms 


WO 2005/085811 
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/^V*^S©#^^^^3teSljB«^ij(Photoin<luced Electron Transfer; 

pet) %m*mmtLx g sic*©** nz^M^-rs-^^^-cfes-^Ev * 

[0008] i")fet?*>, #3&§Htt* t^o-^ibt, TE<o*(D : 



R 1 R 2 











^R 4 


(I) 

R^ 

R« R 10 


.R 8 
"R 9 



, r\ ^tm 9 ^^nm^^^-^m^#L•rv^-r l bJ;v^T/^^s^L;R ll, R 
fcfcU r\ r\ jttm ? o#a^*>*«: 
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an. 2ov%m~?hV), Ru±M^nvy, &mj*y, ximimmmom^o 

[0010] $^^0^LV^^<t^,M#bW^X«-^b^moSiJ^<Z)fcJ?)(Z)^3fe^ 
x 2 

x^n-Ichz-chj-nWchz-chj-n)^- (A) 

x\zT^m<Di%m&%*u mRm^fi^miL^oxm^miDx 
m^ti^mxh6±m(on^u-y f ;-m^mmm^m(Dy'ti--yxh<>x,R x 
Rxm 2 &K\ >^^^LTTiEo^ (b) xm£ti%nm& : 

Mb3] 


WO 2005/085811 
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[0011] &imnm&t>*>tt;. _fcjB®HRa;(i) , R^rm'tt^ti^pnwifitbic* 
jd^&^i-j&n xtt^nhy, &mj*y, mL<tm\tmmmm$ii-z>tc£><Dm 

SrJ8fifcl/rt>J:< ;R 3 tt7k^Jg^, xr4x^*vfiftayu^)Hi© 

rv^T%J;v^T/^/^s^L;R 10 ^tm , H^^i^•? ^ tvMS:^^^KmlI^ : ■^ ^v?ym 
xtem&mz^x^xhx^T/^/umz^u&Rxjfo 8 , r'rxm 10 , r 5 r 
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[0012] ^mM^mm^-y^^mti-^m^^-^m^n^-yv^ 

[0013] [HUHi ttft-^* i-80^^*^^tPETK^— SP^^bm^^Si^^ 
[0014] ^PJt^om^HS^CD-C^^^^^n-^ft, 7°nby, &JR^->\ X 

[0015] ^awo^aft/n-^wu n-^y&#&fcLT«££;ivo 

7x.~;\<m^&) v Texas R%&(*Vy^y^ft<»V^\Z2-%JVi$**yvx.~}V 

mfD%;vi£*i/jvm^vftymmxh%hmm&) t&ttfsbtixm , mm* 

GlTZmty'v-y'bLXy #/W^^3te:/n— :/^&5Cddum Crimson, AM# 
3^ftlfah/TVV5(£Jl±, *V*=L7—-7u—y*74±<D%$xiJf (Handbook of 
Fluorescent Probes and Research Chemicals, Ninth edition) ©57— 65p\ 788—790 
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[0016] Mz-tf. 7Wk^1r&&m<Dtt&to\Z. J. Prakt. Chem., 54, 223(1 896).&.tfDyes 
and Pigments, 42, 71(1999) m&m&fllttffcKfeoX* ^/VAT/V^tK, 8-fc 

h'v*i/i?*vyi?yfrb*vyYy%&j&u mmm^Lttrnx^yHymUit 
[oon] ^y : rym<D9Ht{z.w^i'^y^ym±\m, i>Tfta»-:£Xf*iW<0*& 

^t>**sfflJt^*offlt£l!:Bi^"r52o©g*S^#&bTV ^ (5£ (I) fc*5 
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[0018] um 



[0019] ^yi£ym±fc&VZR l RXFR 2 (Dm&®M te^fcRSS&ft&v \ £fc, r\ r\ R 


WO 2005/085811 
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, SR&BBWO 99/51586-^fR, #W2000-239272#4SfcSU HR^MWO 
0l/62755^#ft££#J!fi1'5-£#"?t5o 

(Handbook of Fluorescent Probes and Research Chemicals, Ninth edition) <£>j£ 

20*(#/l^!>.M;t^ -r<y*irtM*>s M&H^ RVHi&<D&M4*» x $ 

2i$( P H^yx^-^-)\ xt«i22* eth-y^.M'tf-y, ^y^^y, Jtm-f 
[0020] #i»#K&v^rMi^ 

[0021] fllfctf , ig»>f*yXtt-BHbiE*©ajfeOfc«)«)^3fe^n-^-Ctt, R'&tm 2 

Wb5] 

X 2 

Xl-N^CH 2 -CH 2 -ljlJ lff 4cH 2 -CH 2 -Nf ;r - (A) 

c^(f , x\ x\ x\ Rvx 4 te%ti*:hm&\z.*mm*, nv*^ 2-wv;w 

[0022] -^^m^^ffl^#3t^n-^iiR 1 ^tm 2 oM^^]fi3i{c±E^:(A)-e^ 

A)T&&ftS£T?fc^ ffi^^^Hf^itijS^U^ £<0»£\ x\ X 2 , X 3 

, < s.OT 4 ^2-t°y^/^^/vS-cfc2>-<b^w*t<, x'&otf #2-ify^/Mfvv 


WO 2005/085811 10 PCT/JP2005/003569 

[0023] -m^ma'J^fflO^n-^Tit, R l S.t/R 2 ^i;v^lC^U-CTfBO^;( 

B)"C«$il5««a6: 
Mb63 



1-4 

[oo24] ^jm^^-c rr/^/vm}X\tr/v^/v^^^u^(m^\tr^ 

7°at°/WS, ^nyotr^S, n-^^/VS> sec-^^/VS, W/'FA'^ tert-7 

[oo25] R 3 tLx\mmT/v*/vmx\*&&T/^*i/mtim^\ ^i^umd^ 


WO 2005/085811 
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m*x*hz>zbi)W*.^\ r\ r\ r\ RxM 9 ^i-r/^/^mtLx\t^^m^ 
xm\ r 9 rtjr 1 \ r 5 rx$r\ ^m^Rm^h^m^hmim^^om^ 

2k hv^uymxm^^fitc6B.m^m^u\ ^(ak^&jxssi-*^ 
-c, T^/m(D^mm<DmmnmmM^fi^a)K wmt. p-^b^y^y^ 

smo&mmiz^xte, mz.i£s y^^y^/p-y^yy^- 

i/y-ti/X (Protective Groups in Organic Synthesis) % ?y—y{T. W. Greene)^, 
i?~iy •U^V — TVK'f-yX'^r^— TKWx^KOohn Wiley & Sons, Inc.) (1981 

[0026] ±.m& (i) xmztizit&m^ ^xMitn^y^mu #^£>m#£*fai- 
%mw<om*y*nm^x\^ mxyommizmmfeztito^K mz.it, 
mM^iry, m&<4*y, mm-ury, M>w#>wtT~*>* p-w^y^^y 
mr^y. ^y^mr^y, ?*ymr~*y, m#mT~*yftt*<D#mmT~ 
*ytet'%mi<iz>z.ttfx%Z) 0 W^yt£}£<DT^m<n%;v7f^sT^yzm^x 

[oo27] *»w©^r3te^-^^v r\ r\ rxm^u^^^ mfett&m<o 

tt^(i)T^^k^lc^^«ffl^^k^^^^(c^v^3fei4te 

[0028] r\ r\ RxM^m^-r^y^yn^n^mmmm-ts mmm^y-eym 


WO 2005/085811 12 PCT/JP2005/003569 

B3LYP/6-31G(d)) fU^&S-^-ef £ 0 R^tm^Lr^, $J£*j^tf>*tl6 

[0029] mz-if x (i) ^e^ste-a^&i n *c> ^^^oSHfcftffc&s 1 . 00 

<Dik&mz#^xm^y^ymz.%wmzm^m?&i&%^z-, ^ ammtt 
^om^mm^y^yn<Dm^m^mnmmr^us.^iD^m 

[0030] v ^Kmfe<Dmmz]faMir%frtfxtef& ^ ±m^mtPET ( 

Photoinduced Electron Transfer: %M&n,T®W)) KJ:9!&§g-e#So PETt»^^ 

xmir%*^y i rymmiLt, ikmm%tmmhz>^y^ym&fr (petk 

(^#JtT#^^, ^yi?ym<Dm4\:mtft^H1rftiDhm?®fetf&< 

[0031] l^fc/P-yiL-Cte, S'J^^^cDittEtirtC(i^M^«5fe^<x $J£*J"#i 

z><dx\ m%&m<Dmttf±^ ^<Dmmt^--ftLxmm.i-^t^x^ 0 
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[0032] *fc, m^\t-m\mmm^m(o^%^n-^m^-t^m^\m, r'rxm 2 ^ 
irrrmmLtcT^ym (^r^go^o-* matter ;v*;vmxw$&hx\ > 

?>o mmz-mmmmmmm%ft7v~7fc^^x-b, ±m<D#,(B)xm&tiz> 
[oo33] xwmmz&^xm^tiztmfeibv^mmiz, £*\ x«M»r&w@ 

^P^cD^^n-^^Mv^J^^^S'J^^^ftx -$1$^ (a)±|E 
5£ (I) T^£ft5>f[^£PJ£#»3 i&J&$-£5I*i> (b) _h|EI*i (a) 

[0034] iij^^^^^uc#^b^o^3fe^ay^«M^o^^T*tt5-^^-ef N 
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[0035] ifwmik%-?v-7te.. ^g^c-c, mfe&m<Dmmzmnm^}iz>m\\ 
ttfxz. zm<Dm&mi%mmm±m$i^Mx&?)o ^^i^it ®m 
[0036] m<Dm^h^mm^xmm^Mit^mtrm(D-wt^:(,i\) 

Wb7] 


{£T/l^i/S£^UR 23 &T^ 2 te 

MmSS^#L•rv^T 1 b<tv^Z/^^/^^^L;R 2 ^ R 2 \ R 27 , ^tm 28 «tvm^^ 
lc©^^LTV >rt>iv ^T/^^/^S^L;R 29 ^tm 30 ^i^t^•^^3t^7K^ 
J^^X^^^VJ^^-, m^^^L-CV^-Ct)J:v^T/^^/^S^U;R 23 ^tm 2 ^ R 
28 RXM 2 \ R 2i &X$R 2 \ R^tm^^^^P^^M^tb^l^JiOm^^ii:^^ 

fl^Asmttoz) fem^z.i&&LX5^mxtemn%&f$,i>xt>£< ;M~tm>c*y 
*mir)xm$]nz> 0 R 21 k\sx\z*mm*, mm^m-mor/v^m. x\z 

itm^L^R^tLXimmm^m-^moTj^/pmximmm^m^mo 



(") 
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R™RXM™\Z*mmi-r°mZ.t»t.^ \ rtf>te#$li2FRET (Fluorescence 
Resonance Energy Transfer &JBvy^£*tfM&<0»l£ 

[0037] ±!E<Dl£(II)^£;fr54b£$l^ 

[0038] OT, #388tf>*&fflttTia<0 
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[0039] Hfe8] 
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[0040] um 



[0041] 3,6-fc**S^/l'7V^*yhy{*, J. Prakt. Chem., 54, 223(1896)^.^0x68 and 
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Pigments, 42, 71(1999)£#MLT^J&£fTofc„ i<^^^c^^T/^>T^ 
xh7tKP79>(THF) 1 m\\Z^UUt2-'f^YJV^y 92.4 mg(0.54 mmoD^Atl/ 

1.54 moK n-^^y 1 mlcp)^Px., 50 mg(0.18 

mmol)£THF 2 mUC^L-dJPx., 30 #Ha$#bfc 0 2N WCXimm 10 ml^P^T 

3o#598i#u m&mmmwc^ m&rui^mut. ^mmmmLxm 
btitzm&^swvwjWK^hffyyj-- mt^uw^y-^ 19/1) x*m 

M^Xfc&m?>%;&mft%ntc(ZQ mg, W:42.1%) 0 

'H-NMR (300MHz, CDC1 ) 6 ppm 2.04 (3H, sX 3.39 (12H, sX 6.98 (2H, sX 7.01 

3 

(2H, d, J=2.4HzX 7.16-7.26 (3H, mX 7.41-7.45 (2H, mX 7.49-7.52 (lH,m) 
MS (FAB) 357 (M-Cf) 

[0042] ±m(&)(D^tmm^x2-yu^h/^yKm^x2-^u^-p-^uy^m^ 
xfc&mz^&mfttLxmc mm 93.3%) 0 

l H-NMR (300MHz, CDC1 ) 6 ppm 2.04 (3H, sX 2.40 (3H, sX 3.39 (12H, sX 
6.95-6.97 (3H, mX 6.99 (2H, dd, J=9.3, 2.4HzX 7.20 (2H, d, J=9.3HzX 7.31(2H, m) 
MS (FAB) 371 (M-Cf) 

±iE(a)o^^t mmiz.LX2-7v*h/^y \mx-X2-zrttT~y-/vzm v vc- 
4t&m*m&m&tLxnti mm : 92.6%) 0 

! H-NMR (300MHz, CDC1 ) 8 ppm 3.37 (12H, sX 3.73 (3H, sX 6.88 (2H, d, 

3 

J=2.6HzX 7.00 (2H, dd, J=9.5, 2.6HzX 7.14-7.22 (3H, mX 7.29 (2H, d, J=9.5Hz) 
MS (FAB) 373 (M-CO 
±IS(a)0^&^|^1i^Lr2-^n^h/V3iy{c#^T4-ya^-3-^^/VT^y- 

/i>zm v ^xfc&mm&mw-tLxntz mm 83.6%) 0 

'H-NMR (300MHz, CDClX 6 ppm 2.02 (3H, sX 2.39 (12H, sX 3.92 (3H, sX 

3 • 

6.95-6.97 (4H, mX 6.99 (2H, dd, J=9.5, 2.4HzX 7.09 (1H, d, J=9.3HzX 7.24 (2H, 

d, J=9.5Hz) 

MS (FAB) 387 (M-Cl") 

[0043] ±B(a)o^mtmm\^x2-^vi^h/^yKm^x2-^^-^/vT^y- 


WO 2005/085811 


19 


PCT/JP2005/003569 


/vm v ^xfc&vo5%%&mfttLxwz mm 92.7%) „ 

'H-NMR (300MHz, CDC1 ) 6 ppm 2.39 (3H, s\ 3.38 (12H, s), 3.68 (3H, s), 6.88 

3 

(2H, d, J=2.6Hz\ 6.97 (1H, d, J=2.6Hz), 7.01 (2H, dd, J=9.5, 2.6Hz), 7.03 (1H, d, 
J=8.6Hz), 7.31 (2H, d, J=9.5Hz), 7.39 (1H, dd, J=8.6, 2.6Hz) 
MS (FAB) 387 (M-C1~) 
^^O^&^IWI^t^L^-yn^h/V^y^mTl-yn^^-^h^^y 

if y%m v ^x4k&m%%&mfcbLxmc (urn 98.0%) 0 

'H-NMR (300MHz, CDC1 ) 8 ppm 3.37 (12H, s), 3.71 (3H, s), 3.95 (3H, sX 6.68 

3 

(1H, d, J=2.5Hz), 6.72 (1H, dd, J=8.3, 2.5HzX 6.86 (2H, d, J=2.4HzX 7.00 (2H, dd, 
J=9.5, 2.4HzX 7.11 (1H, d, J=8.3HzX 7.36 (2H, d, J=9.5Hz) 
MS (FAB) 403 (M-Cf) 

[0044] ±|B(a)©^&^I^^^LT2-^n^h/^>'^#^Tl-^n^-2,5-^h=3 f .^-<y 

ay*® v ^x4k&m%%&mfctLxmc (jw 77.6%) „ 

'H-NMR (300MHz, CDC1 )' 5 ppm 3.67 (3H, sX 3.82 (12H, sX 3.83 (3H, sX 6.75 

3 

(1H, d, J=2.7HzX 6.90 (2H, d, J=2.4HzX 7.01 (2H, dd, J=9.5, 2.4Hz), 7.08-7.12 
(2H, mX 7.32 (2H, d, J=9.5Hz) 
MS (FAB) 403 (M-Cl") 
±IB(a)<D^fei|Rl#^LT2-^n^h;^^{c#x.-C4-yp ; E-3-^^/VT^y^^ 

m^xfc&m*%&mwtLxmcmm:58.8 %x 

'H-NMR (300MHz, CDC1 ) 8 ppm 3.09 (3H, sX 3.37 (12H, sX 6.76 (2H, mX 6.88 

3 

(2H, d, J=2.4X 6.90 (1H, mX 6.97 (2H, dd, J=9.5, 2.4HzX 7.36 (2H, d, J=9.5Hz) 
MS (FAB) 372 (M-Cf) 

[0045] TIEO^l \znbfttcfc&m<D%ft®&RTfm*Um ( P H 7.4i^«*) *mlT 

o 

CM 
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/L» A Mk -tf- B. 

TPLt5£ze 

X max (nm) 

En (nm) 
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